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Abstract 

Background:  Post reperfusion syndrome (PRS) is a relatively common and life-threatening complication during 
orthotopic liver transplantation (OLT). It is associated with poor patient and transplanted liver outcomes.

Objective:  This study aimed to compare the risk factors of PRS during OLT.

Design:  Clinical-epidemiological observational retrospective study.

Setting:  We gathered the records of patients who underwent OLT in 3 years, from May 22, 2016, to May 22, 2019, in 
Namazi and Bu-Ali Sina organ transplantation hospitals.

Patients:  In this study, we assessed 1182 patients who underwent OLT. Patients were divided into two groups based 
on the presence or absence of PRS.

Main outcome measures:  Diagnosing the predictors of PRS was the primary outcome of this study.

Results:  Results showed that age > 60 years, Child-Pugh scores C, higher Model End Stage liver disease score, and 
preoperative sodium < 130 mmol/l (parameters of the liver recipient), increase in cold ischemic time (the donors’ 
parameters), and the classical technique (the surgical parameters) were the strong predictors of PRS.

Conclusions:  The results indicated that underlying liver disease was not the predictor of PRS in the presence of other 
risk factors; therefore, clinicians have to consider these risk factors in patients undergoing OLT.
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Key points

•	 Liver transplantation is a life-saving procedure and 
the treatment of choice for severe chronic liver dis-
ease and acute liver failure patients.

•	 Post reperfusion syndrome is a relatively common 
but life-threatening complication during liver trans-
plantation.

•	 This study showed that 33% of patients who under-
went liver transplantation at this center had PRS.

•	 Age > 60 years, CTP class C, higher MELD score, pre-
operative sodium < 130 mmol/l, CIT, and classical 
technique were PRS predictors.
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Introduction
Orthotopic Liver transplantation (OLT) is a life-sav-
ing procedure and the treatment of choice for severe 
chronic liver disease and acute liver failure [1, 2]. Post 
reperfusion syndrome (PRS) is a relatively common but 
life-threatening complication during OLT with a preva-
lence of 3.6–81% [3–6]. The wide range prevalence of 
PRS in the previous studies occurs due to the differ-
ences in the description of PRS, treatment strategies, 
and surgical techniques [7]. PRS is the acute hemody-
namic disturbance and decreased mean arterial pres-
sure of more than 30% of baseline values. It occurs 
within the first 5 min after reperfusion of the donor’s 
liver with the recipient’s blood during the transition 
from the anhepathic phase to the neohepathic phase, 
which lasts for at least 1 min [4, 8, 9]. It is associated 
with poor patient and transplanted liver outcomes 
[3, 10, 11]. Although the definitive mechanism of this 
syndrome is complex and not fully understood [7, 9, 
12–14], it is attributed to the release of oxygen free 
radicals, endotoxin, inflammatory cytokines such as 
tumor necrosis factor-alpha (TNF-α), interleukin-1 (IL-
1), IL-2, vasoactive, hyperkalemic, cold, and acidotic 
substances of maintenance solution, donor’s liver, and 
recipient ischemic intestine [6, 9, 14, 15].

OLT is major surgery with a high occurrence of fluid 
shift and is often performed in patients with hemo-
dynamic changes associated with the pathology of 
the underlying liver disease. On the other hand, rep-
erfusion syndrome is a severe complication during 
surgery following portal vein declamp. Despite the 
improvement of surgical and anesthesia techniques, it 
is associated with severe metabolic and cardiovascu-
lar disorders that can affect mortality and morbidity 
of patients [6, 15]. Postoperative acute kidney injury 
(AKI), early allograft dysfunction, reduced graft, and 
the patient’s survival rate are related to PRS [16, 17]. 
Therefore, understanding the risk factors associated 
with this syndrome is very beneficial. Considering the 
importance of this subject, investigators identified the 
risk factors related to PRS. However, so far, few stud-
ies have been conducted to investigate the relationship 
between the type of underlying liver disease leading to 
OLT with the incidence of PRS and the prevalence of 
this complication separately based on the liver disease 
[18]. Since many patients with conditions such as viral 
hepatitis, cancers, and biliary, autoimmune, metabolic, 
and cryptogenic diseases undergo OLT, we aimed to 
investigate the prevalence of PRS separately based on 
liver disease. We assessed the relationship between 
liver disease and other risk factors for PRS in patients 
who underwent OLT.

Materials and methods
This clinical-epidemiological observational retrospective 
study extracted data from May 22, 2019, to November 
22, 2019. We gathered the records of patients who under-
went OLT in 3 years, from May 22, 2016, to May 22, 
2019, in Namazi and Bu-Ali Sina organ transplantation 
hospitals. The Ethical Committee of the Vice-chancellor 
of Research (Chairperson: Dr. Mohammad Javad Ashraf ) 
at Shiraz University of Medical Sciences approved this 
study (Number: IR.SUMS.MED.REC.1398.170, Date: 
May 22, 2019). We conducted this study to determine the 
predictors of PRS, including the type of underlying liver 
disease leading to transplantation and other risk factors.

Participants
Inclusion criteria included adult patients (age ≥ 18 years) 
with end-stage liver disease who underwent deceased-
donor OLT.

Exclusion criteria included OLT from a living donor, 
split liver graft, simultaneous liver and kidney trans-
plantation, patients with acute liver failure, incomplete 
information recorded before and during surgery, and the 
occurrence of intraoperative severe adverse events before 
the reperfusion phase.

Anesthesia protocol
Upon admission to the operating room and after 
appropriate venous line placement for all patients, we 
performed non-invasive blood pressure monitoring, elec-
trocardiogram, and pulse oximetry. Besides, we placed 
the arterial line for invasive pressure monitoring, the cen-
tral venous line under ultrasonography for central pres-
sure, temperature probe, and capnography immediately 
after induction of anesthesia. PICCO monitoring and, if 
needed, TEE was used to improve patient management in 
patients with high MELD (model for end-stage liver dis-
ease), heart problems, or aortopulmonary shunt.

We performed induction of anesthesia with the injec-
tion of 0.02 mg. Kg-1 midazolam, 2 μg. Kg-1 fentanyl, 
3-5 mg. Kg-1 sodium thiopental and 0.2 mg. Kg − 1 pan-
curonium. The anesthesia maintenance was done using 
isoflurane with MAC of less than 1% in combination with 
oxygen/air.

After intubation, we provided mechanical ventilation 
with a tidal volume of 8-10 ml / kg, respiratory rate of 
10–16 breaths/min, and 5cmh2o PEEP to maintain end-
tidal CO2 partial pressure (PETCO2) of 35–45 mmHg 
for the patient. Albumin and normal saline were used 
for fluid therapy based on hemodynamic parameters 
and central venous pressure. Patients were monitored to 
maintain systolic blood pressure and heart rate at 20% 
of baseline during surgery. We performed necessary 



Page 3 of 9Sahmeddini et al. BMC Anesthesiology           (2022) 22:89 	

interventions in case of hemodynamic changes using 
anesthetics, cardiovascular drugs, and fluids.

Surgical technique
Based on the patient’s condition and the surgeon’s deci-
sion, we used piggyback or classical techniques during 
surgery for OLT. We did not use venovenous bypass dur-
ing the surgery. Before reperfusion, the graft was rinsed 
with 1 ml / kg normal saline through the portal vein.

Data gathering
Donors’ data
We extracted the following donor’s data from the records:

Age, sex, length of stay in the intensive care unit (ICU), 
the blood concentration of alanine transferase (ALT), 
aspartate transferase (AST), alkaline phosphatase, bili-
rubin, sodium, and potassium levels, and preoperative 
international normalized ratio (INR), as well as warm 
ischemia time (WIT) graft, and cold ischemia time (CIT) 
graft.

Recipient’s data
We collected the recipient’s data from patients’ records. 
It included age, sex, weight, type of underlying liver dis-
ease leading to transplantation, preoperative sodium 
level, MELD (a scoring system based on laboratory tests 
including creatinine, bilirubin, INR, and serum sodium 
levels ranging from 6 to 40), [19], and Child-Pugh scores 
(CTP) which is a scoring system based on five param-
eters: total bilirubin level, albumin, prothrombin time 
or INR, ascites severity, and degree of encephalopathy, 
which receives 1 to 3 points per parameter. According 
to the acquired score, patients were placed in 3 classes, 
including A (score 5–6), class B (score 7–9), and class C 
(score 10 to 15). A and C classes represented mild and 
severe diseases, respectively [19]. Also, we assessed intra-
operative hemodynamic parameters such as heart rate, 
systolic and diastolic blood pressures, mean arterial pres-
sure, major cardiovascular events nd the amount of con-
sumed inotrope after reperfusion.

Following adverse events occurring in ICU were 
evaluated as well: primary graft nonfunction (PGNF: 
retransplantation or death within 7 days), need for 
renal replacement therapy (RRT), major cardiovascular 
events (cardiac arrest, myocardial infarction, or signifi-
cant arrhythmia), need for surgical revision (portal vein 
thrombosis, hepatic artery thrombosis, bleeding, biliary 
duct complications, intraabdominal abscess/peritonitis), 
central nervous system events (delirium, depression, and 
seizure), length of stay in ICU and hospital, and finally 
the outcome of patients before discharge and within 2 
years of follow-up after discharge.

PRS
PRS was noted by the decreased mean arterial pressure 
of more than 30% of baseline values within the first 5 min 
after PRS of the donor’s liver with the recipient’s blood 
during the transition from the anhepathic phase to neo-
hepathic phase, which lasts for at least 1 min. We used 
norepinephrine as a bolus and infusion to maintain mean 
arterial pressure (MAP) for this complication. In case of 
hypotension along with severe bradycardia, we used epi-
nephrine bolus and infusion. Finally, we used vasopressin 
infusion in case of the need for a high dose of norepi-
nephrine or its ineffectiveness.

After extracting information from the records, based 
on the occurrence or non-occurrence of this complica-
tion, patients were compared in groups 1 (PRS +) and 2 
(PRS -).

Statistical analysis
Data were analyzed in IBM SPSS Statistics for Windows, 
version 19 (IBM Corp., Armonk, N.Y., USA). The con-
tinuous variables were reported by median (IQR) and 
tested by the Mann-Whitney U test. The categorical vari-
ables were reported by number (percent) and tested by 
Chi-square or Fisher exact. Univariate and multivariable 
logistic regression models were used to determine risk 
factors for predicting PRS. In logistic regression models, 
we have to consider one category of categorical variables 
as the reference. In this study, we chose the variable with 
the highest risk of RPS as the reference. P-value< 0.05 
indicated statistical significance.

Results
A total of 1590 patients underwent OLT within 3 years 
of the study (Fig. 1). Of these, 376 patients were excluded 
from the study, including 136 patients due to partial 
transplantation from a living donor, 48 patients due to 
split transplantation, 156 patients under 14 years of age, 
50 patients due to acute hepatitis, and 18 patients due to 
incomplete registered information. Finally, we assessed 
1182 patients who underwent OLT.

Baseline characteristics of studied patients
Demographic characteristics of liver recipients, includ-
ing age, sex, weight, distribution of underlying liver dis-
ease, MELD Score, Child Score, preoperative sodium 
levels, are shown in Table 1. In terms of age distribution, 
most patients are in the age range of 40–60 years, and 
the lowest patients were in the under-20 years’ category. 
Results showed that 65% of patients were men. In terms 
of CTP score, most patients were in class C and the least 
in class A. The mean MELD score of the patients was 20 
(20.01 ± 8.15). The most common causes of OLT within 3 
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years of study were a biliary disease, viral hepatitis, meta-
bolic, cryptogenic, Autoimmune hepatitis (AIH) disor-
ders, and cancers, respectively (Table 1).

Table  2 shows the demographic characteristics, labo-
ratory tests, and data of WIT and CIT of liver organ 
donors. The majority of donors were men. Mean CIT and 
WIT were 445(445.25 ± 157.43) and 36 (36.64 ± 7.61), 
respectively. Serum levels of sodium, potassium, AST, 
ALT, ALKP, bilirubin, and INR were similar between the 
two groups (Table 2).

The PRS
Out of 1182 patients, 400 patients (33.8%) had PRS. There 
was a significant difference between groups regarding 
underlying disease leading to transplantation. We found 
the highest incidence of PRS in the viral hepatitis group 
and the lowest in the biliary disease group (42.5% vs. 
23.5%, P < 0.001). In terms of age distribution, there was 
a significant difference between groups. The highest inci-
dence of PRS was in patients aged more than 60 years, 

and the lowest incidence was in patients under 20 years 
(44.2% vs. 13.3%, P < 0.001). But in terms of weight and 
sex, there was no significant difference. Regarding disease 
severity distribution between the two groups, a higher 
incidence of PRS was noted in patients with higher 
MELD and CTP scores. The highest incidence of PRS 
occurred in patients with CTP C compared to A (55.6% 
vs. 7.2%, P < 0.001). Also, assessing the effect of preopera-
tive sodium on PRS showed that patients with sodium 
less than 130 compared to sodium more than 130 had a 
higher incidence of this complication (61.2% vs. 30.9%, 
P < 0.001) (Table 1).

Also, transplant recipients from liver donors older than 
60 years showed a higher percentage of reperfusion than 
donors less than 60 years old (45% VS. 32.4%, P = 0.003). 
However, there was no significant difference between 
the two groups regarding sex and test levels of K, AST, 
ALT, ALKP, Bilirubin, and INR before donation (P > 0.05). 
Only in donors with higher sodium levels, more PRS 
was observed (P = 0.03). Donor organs also had a longer 

Fig 1  Flow chart of patients
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CIT for patients with PRS (P = < 0.001). But in terms of 
WIT, no statistically significant difference was observed 
between the groups (P = 0.132) (Table 2).

Predictors of the PRS
To determine PRS predictors, we used binary logis-
tic regression analysis (Table  3). Based on the results 
obtained from the parameters of the liver recipient, the 
following parameters were strong predictors of PRS. 
Age > 60 years (The odds ratio of PRS in age > 60 were 
respectively 42, 59, and 78% more than 40–60, 20–40, 
and 20 years). CTP class C (The odds ratio of PRS in class 
C was about 84 and 56% more than A and B). Higher 
MELD score (The increase in MELD score per unit 
increased the odds ratio of developing PRS by 6%). Pre-
operative sodium < 130 mmol/l (The odds ratio of PRS in 
sodium < 130 was about 45% more than sodium > 130).

Besides, among the donors’ parameters, only an 
increase in CIT was the strong predictor (per each min-
ute increase in CIT, the odds ratio of PRS increased 
0.2%). Among the surgical parameters, the classical tech-
nique (the odds ratio of PRS in classical technique was 
41% more than the piggyback technique) was the strong 
predictor of PRS compared to the type of underlying 
liver disease, donors’ age, and sodium level. In the case of 
underlying liver disease and through univariate analysis, 
the odds ratio of PRS in biliary and autoimmune diseases 
was significantly lower than in viral hepatitis. However, 
in multivariate analysis, this factor was not indicated as a 
predictor of PRS (Table 3).

PRS and post‑liver transplantation adverse events 
and outcomes
Our study showed that the rate of renal dysfunction 
requiring RRT in LT recipients with PRS was significantly 
higher than the other group (18% vs 3.2%; P  < 0.001). 
Patients with postoperative PRS also experienced more 
delirium (10.5 vs 5.1%; P < 0.001) and major cardiovas-
cular event (11.5% vs 2.6%; P < 0.001). The need for post-
operative surgical revision was higher in the PRS group 
than in the other group, of which bleeding was the most 
common cause of surgical revision. The length of hospi-
talization in the ICU as well as the hospital in the group 
with PRS was significantly longer than the other group 
(P = 0.14, P = 0.044, respectively). There was a significant 
difference between the groups in the rate and causes of 
death in the postoperative period. The mortality rate in 
the PRS group was higher than the other group (27.25% 
vs 5.11%; P  < 0.001) and PGNF, multiple organ failure 
(MOF) / sepsis and bleeding were the most common 
causes of death in the initial period after LT, respectively. 
Also in the two-year follow-up after discharge, it was 

Table 1  Clinical characteristics of liver transplant recipients

PRS Post reperfusion syndrome, MELD Model for end-stage liver disease, CTP 
Child-Turcotte-Pugh

Recipients characteristics PRS(−)
N = 782

PRS(+)
N = 400

P-value

Age

   < 20 26 (3.3) 4 (1) < 0.001

  20–40 279 (35.7) 98 (24.5)

  40–60 390 (49.9) 229 (57.3)

   > 60 87 (11.1) 69 (17.3)

Sex, female 271 (34.7) 142 (35.5) 0.773

Weight 70 (60–80) 70 (60–80) 0.227

MELD Score for chronic liver disease 17 (13–21) 22 (18–29) < 0.001

CTP Score

  Score A 219 (28) 17 (4.3) < 0.001

  Score B 351 (44.9) 117 (29.3)

  Score C 212 (27.1) 266 (66.5)

Recipient Pre-operative Na

  Na < 130 45 (5.8) 71 (17.8) < 0.001

  Na ≥ 130 735 (94.2) 328 (82.2)

Chronic Liver Disease

  Viral Hepatitis 149 (19.1) 110 (27.5) < 0.001

  Metabolic disease 127 (16.2) 77 (19.3)

  Biliary disease 235 (30.1) 72 (18)

  AIH 100 (12.8) 43 (10.8)

  Hepatic cancers 56 (7.2) 27 (6.8)

  cryptogenic 115 (14.7) 71 (17.8)

Table 2  Clinical characteristics of liver organ donor

PRS Post reperfusion syndrome, ICU Intensive Care Unit, AST Aspartate 
transferase, ALT Alanine transferase, ALKP Alkaline phosphatase, INR 
International normalized ratio, CIT Cold ischemia time, WIT Warm ischemia time

Donor characteristics PRS(−)
N = 782

PRS(+)
N = 400

P-value

Age

   ≤ 60 710 (90.8) 341 (85.3) 0.004

   > 60 72 (9.2) 59 (14.8)

Sex, female 258 (33) 140 (35) 0.49

ICU state (day) 4 (3–7) 4 (3–7) 0.222

Na (meq) 147 (141–153) 148 (141–154) 0.034

AST 51 (32–96) 46 (29–86) 0.056

ALT 40 (22–79) 40 (22–85) 0.973

ALKP 186 (145–256) 193 (150–254) 0.248

Bilirubin 0.8 (0.5–1) 0.8 (0.5–1) 0.675

INR 1.3 (1.2–1.5) 1.3 (1.1–1.5) 0.266

CIT (min) 480 (360–540) 480 (420–570) < 0.001

WIT (min) 35 (30–40) 35 (30–40) 0.132

Surgery technique, piggy back 607 (77.6) 268 (67) < 0.001
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found that the mortality rate in the PRS group was signif-
icantly higher than other group (13.7% vs 8.2%; p = 0.007, 
respectively) and MOF / sepsis and chronic rejection 
were the most common causes of death in both groups, 
respectively (Table 4).

Discussion
This study showed that 33.8% of patients at this center 
had PRS. Results showed the following parameters as 
the strong predictors of PRS: age > 60 years, Child-Pugh 
scores C, higher MELD score, and preoperative sodium 
< 130 mmol/l (parameters of the liver recipient), increase 
in cold ischemic time (the donors’ parameters), and the 
classical technique (the surgical parameters).

The incidence of PRS varies from 3.6–81% among stud-
ies [3, 5]. The most important reason for this wide range 
seems to be the significant differences in PRS descrip-
tions. Also, other factors such as patient population and 

surgical technique were significantly different in previ-
ous studies, which can affect the PRS rate and explain 
the high difference in the incidence of this complication 
in studies. The incidence of PRS reported in most stud-
ies was 30% [20–22]. In the present study, the incidence 
of this complication was about 33%, which was consistent 
with other studies. In Fakhar et al.’s study, this complica-
tion rate was 12% due to shorter ischemia times and bet-
ter donor conditions [5]. But in the survey by Kork et al., 
the incidence of PRS was 53%, attributed to the use of 
more comprehensive criteria to diagnose this complica-
tion [3].

Assessing the distribution of liver disease leading to 
OLT, our results showed that biliary disease, viral hepa-
titis, and metabolic diseases were the most common 
causes of OLT from 2016 to 2019. In a previous Iranian 
study examining the status of OLT before 2016, the most 
common indications of OLT were cirrhosis caused by 

Table 3  Adjusted odds ratios derived from logistic regression analysis for patients with PRS

(−):Reference category of the variable, AIH Autoimmune hepatitis, MELD Model for end-stage liver disease, CTP Child-Turcotte-Pugh, CIT Cold ischemia time

Un-adjusted model Adjusted model

OR 95% CI P-value OR 95% CI P-value

Age (year)

   > 60 Reference category of the variable

   < 20 0.19 0.06–0.58 0.003 0.22 0.07–0.71 0.011

  20–40 0.44 0.30–0.65 < 0.001 0.41 0.25–0.68 < 0.001

  40–60 0.74 0.52–1.06 0.098 0.58 0.38–0.88 0.011

Chronic Liver Disease

  Viral hepatitis Reference category of the variable

  Metabolic Disease 0.82 0.56–1.19 0.304 0.78 0.51–1.20 0.259

  Biliary Disease 0.41 0.29–0.60 < 0.001 0.78 0.51–1.21 0.274

  AIH 0.58 0.38–0.90 0.015 0.63 0.38–1.05 0.077

  Hepatic Cancers 0.65 0.39–1.10 0.109 0.90 0.46–1.74 0.751

  Cryptogenic 0.84 0.57–1.23 0.363 0.77 0.49–1.19 0.240

CTP Score

  Child Score C Reference category of the variable

  Child Score A 0.06 0.04–0.10 < 0.001 0.16 0.09–0.30 < 0.001

  Child Score B 0.27 0.20–0.35 < 0.001 0.44 0.32–0.62 < 0.001

MELD Score 1.12 1.10–1.14 < 0.001 1.06 1.04–1.09 < 0.001

Recipient Pre-operative Na

   < 130 Reference category of the variable

   ≥ 130 0.28 0.19–0.42 < 0.001 0.55 0.36–0.86 0.008

Donor age

   > 60 Reference category of the variable

   ≤ 60 0.59 0.41–0.85 0.004 0.91 0.59–1.40 0.662

Donor Na 1.01 1.00–1.03 0.068 1.01 0.999–1.03 0.067

CIT (min) 1.001 1.001–1.002 0.002 1.002 1.001–1.003 < 0.001

Surgery technique

  Classical Reference category of the variable

  piggy back 0.58 0.45–0.76 < 0.001 0.59 0.43–0.82 0.001
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viral hepatitis, cryptogenic, and biliary disease [23]. The 
difference in the order at different periods of investiga-
tions may be attributed to the following parameters: 
increased biliary liver disease, mainly primary sclerosing 
cholangitis (PSC) due to the inflammatory bowel disease 
epidemic [1, 24], increased obesity and metabolic syn-
drome, the most important predictors of non-alcoholic 
fatty liver disease/steatohepatitis (NAFLD / NASH) [25], 
and decreased new viral infections due to vaccination 
for hepatitis B as well as the new generation of drugs for 
hepatitis C [1].

Although the exact pathophysiological mechanism 
of PRS is not fully understood, several studies have 

attempted to provide a list of possible risk factors for PRS 
to improve prevention and treatment strategies. Based on 
the results of studies, these risk factors were divided into 
three categories: donor/organ-related, recipient-related, 
and procedure-related [6].

Most of the risk factors were related to liver graft recip-
ients [6]. Finding a relation between hyponatremia and 
PRS was one of the most important findings of this study 
related to the recipient. Hyponatremia is the most com-
mon electrolyte abnormality in patients with advanced 
cirrhosis and predicts poor prognosis. Hyponatremia in 
cirrhosis is defined as a sodium concentration < 130 mmol 
/ l and has a prevalence rate of 22%. The pathophysiology 
of hyponatremia in these patients is complex and multi-
factorial. Although it is predominantly hypervolemic or 
dilutional, it can be hypovolemic due to excessive diuretic 
or gastrointestinal losses such as diarrhea in only 10% 
[26, 27]. No study investigated the association between 
hyponatremia and PRS. This study showed that the recip-
ient’s hyponatremia in the case of sodium less than 130 
was a predictor of PRS; therefore, sodium less than 130 
caused a 45% increase in the incidence of PRS.

In terms of the incidence of PRS based on the underly-
ing liver disease leading to OLT, so far, the studies com-
pared the incidence of PRS between the two groups of 
patients with acute and chronic hepatitis. To the best of 
our knowledge, few studies investigated the incidence 
of this complication among chronic liver diseases. The 
univariate analysis on the incidence of PRS based on 
chronic underlying liver disease showed that the highest 
incidence of PRS occurred in patients with viral hepatitis 
(42%) and the lowest in patients with biliary (23%) and 
autoimmune diseases (30%). We observed a significant 
difference between the groups (p-value < 0.05). However, 
when we assessed this parameter in the multivariate anal-
ysis and other risk factors for PRS, no significant differ-
ence was observed between the underlying liver diseases 
in terms of PRS, so the underlying liver disease was not 
recognized as the PRS predictor. This result indicated the 
greater importance of other risk factors for PRS than the 
recipient’s underlying liver disease. The cause of higher 
incidence of PRS in patients with viral hepatitis than bil-
iary and autoimmune diseases can be attributed to older 
age and higher severity of underlying diseases such as 
higher MELD and CTP scores in these patients. In an 
abstract examining the risk factors of PRS, there was no 
significant correlation between PRS and the etiology of 
liver disease [18].

In terms of age, studies have shown that the recipients’ 
age > 60 years is a risk factor for PRS [22]. In this study, in 
line with previous studies, age > 60 years was one of the 
predictors of this complication. So that the odds ratio of 
developing PRS over the age of 60 was 78% higher than 

Table 4  Intra operative cardiovascular events and post-
operative outcomes

RRT​ Renal replacement therapy, CNS Central nervous system, HA Thrombosis 
Hepatic artery thrombosis, PV Thrombosis Portal vein thrombosis, ICU Intensive 
care unit, PGNF Primary graft nonfunction, MOF Multiple organ failure

Variable PRS –
(N = 782)

PRS +
(N = 400)

P Value

Intra operative cardiovascular events(n)
  Cardiac arrest 0 (0) 5 (1.25) 0.004

  Significant Arrhythmia 7 (0.89) 47 (11.7) < 0.001

Short-term outcomes:
  RRT due to Renal dysfunction (n) 25 (3.2) 72 (18) < 0.001

  Major Cardiovascular events (n) 20 (2.6) 46 (11.5) < 0.001

Surgical revision due to:
  H.A Thrombosis(n) 44 (5.6) 19 (4.7) 0.526

  PV Thrombosis(n) 9 (1.1) 8 (2) 0.246

  Bleeding(n) 52 (6.6) 100 (25) < 0.001

  Biliary duct complication(n) 8 (1) 6 (1.5) 0.473

  Intra-abdominal Abscess/ 
peritonitis(n)

2 (0.25) 2 (0.5) 0.494

CNS events
  Delirium(n) 40 (5.1) 42 (10.5) 0.001

  Seizure(n) 40 (5.1) 27 (6.75) 0.250

  Depression(n) 20 (2.6) 8 (2) 0.551

ICU Length (day) 8 (5–10) 9 (5–14) 0.014

Hospital Length (day) 12 (9–15) 14 (9–22) 0.044

Post-operative Deaths (n)
  Due to PGNF (n) 8 (1) 37 (9) < 0.001

  Due to MOF/sepsis (n) 29 (3.7) 63 (15.7) < 0.001

  Due to bleeding (n) 0 (0) 5 (1.25) 0.004

  Due to cardiovascular events (n) 3 (0.38) 4 (1) 0.235

Long-terms outcomes
  Death within 2 years of follow up (N = 742) (N = 291)
    Due to MOF/sepsis (n) 21 (2.8) 16 (5.5) 0.038

    Due to cardiovascular events (n) 7 (0.94) 5 (1.7) 0.296

    Due to respiratory problems (n) 11 (1.5) 5 (1.7) 0.782

    Due to chronic rejection(n) 12 (1.6) 9 (3.1) 0.131

    Due to carcinoma (n) 10 (1.3) 5 (1.7) 0.654
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under the age of 20. However, in the study of Kork et al., 
there was no difference between the two groups regard-
ing age [4].

The most important risk factors related to donor and 
liver graft resulting from studies were the age of the 
donor over 60 years, long CIT [6, 22], and Donor Risk 
Index [6]. This study showed that among the risk fac-
tors for donor-related PRS, only long-term CIT was the 
predictor for this complication. CIT causes liver damage 
with primary necrosis of sinusoidal endothelial cells and 
delayed hepatocyte apoptosis. This study also showed 
that the classical technique was associated with a higher 
incidence of PRS than the piggyback technique. The odds 
ratio of PRS with the classical technique was about 41% 
higher than the piggyback technique. The result of this 
study was consistent with previous studies [6, 7].

One notable finding of our study was the associa-
tion between the occurrence of PRS with postoperative 
poor liver graft and patient’s outcome. The incidence of 
PGNF and mortality in the PRS group was significantly 
higher than the other group. In the study of Siniscal-
chi et  al., PRS was identified as an independent risk 
factor for PGNF and mortality [16]. However, in the 
study of Kork et al., which examined the effect of PRS 
on graft function and mortality, despite the higher 
PGNF in the group with PRS, no significant relation-
ship was observed between the two groups [4]. It can 
be attributed to the small sample size in their study in 
contrast to ours and Siniscalchi et.al. One of the impor-
tant findings in our study was that more renal dysfunc-
tion required RRT in the PRS group. In a meta-analysis 
performed by Zhou et al. PRS was identified as one of 
the AKI risk factors after LT [28]. Hemodynamic insta-
bility during PRS has a major effets on decreased renal 
blood flow and renal tissue hypoxia, which can play 
an important role in the development of AKI after LT, 
on the other hand, PRS not only releases cold and aci-
dotic components from the graft but also releases pro-
inflammatory cytokines that trigger the inflammatory 
response and cause renal tubular injury [28] .In terms 
of the need for surgical revision, in the initial period 
after transplantation, although in our study, bleeding 
was the most common reason for the need for reop-
eration in both groups, there was significant difference 
between them. So that a higher percentage of patients 
in the PRS group required surgical revision due to 
bleeding. Postoperative bleeding is the most common 
serious complication after LT that is life-threatening 
and requires surgery to control bleeding or hematoma 
drainage. Early graft dysfunction or PNF, liver surface 
laceration, anastomotic leak, and hepatic artery steno-
sis and thrombosis are the leading causes of postopera-
tive bleeding [29]. More bleeding in the PRS group can 

be attributed to the greater incidence of graft dysfunc-
tion in this study. Consistent with the previous study 
[4], we also showed that PRS is associated with a higher 
frequency of delirium and major cardiac events after 
transplantation, followed by more extended hospital 
stays in the ICU and hospital.

So far, many studies have been performed to diag-
nose PRS risk factors. Still, according to this search, 
few studies have been conducted to investigate the inci-
dence of PRS based on underlying liver disease leading 
to OLT. On the other hand, the sample size of this study 
was large, and so far, no study with this size has been 
conducted to evaluate the incidence of PRS, which can 
be the strengths of this study. As we performed a retro-
spective single-center study, further prospective mutli-
center studies can berecommened.

Conclusion
The study showed that among the PRS risk factors related 
to the organ recipient, age > 60 years, CTP class C, higher 
MELD score, preoperative sodium < 130 mmol/l, and 
among the PRS risk factors related to the organ donor, 
only CIT and among PRS risk factors related to sur-
gery technique, classical technique were PRS predictors. 
Despite the significant differences between liver diseases 
leading to OLT in PRS, it was not the OLT predictor. This 
result indicated the greater importance of other risk fac-
tors for PRS than the recipients’ underlying liver disease. 
Therefore, clinicians have to consider these risk factors in 
patients undergoing OLT.
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